Forty four isolates of Phytophthora infestans recovered from diseased potato leaves at the Volcano district on the island of Hawaii from 1986 to 1987 were all A1 mating type and sensitive to metalaxyl. However, all of the 23 isolates obtained from diseased tomato and potato leaves from the same area from 1994 to 1995 were all of the A2 mating type and resistant to metalaxyl. The recent isolates displayed considerable variation in growth rate and ability to produce sporangia. Substantial variation in growth rate, ability to produce sporangia and response to metalaxyl was also observed among zoospore progeny of a recent isolate tested. The possible mechanisms for the recent appearance of A2 mating type and diversity in growth rate, sporangial production and response to metalaxyl among the new population on the island of Hawaii are discussed.
INTRODUCTION
The discovery of oospores produced by Phytophthora infestans (Mont.) de Bary in nature in Mexico and the detection of an approximately equal ratio of A1 and A2 mating types of this fungus among 95 Mexican isolates collected in different areas from 1952 to 1956 were reported by Gallegly and Galindo21) in 1958. Since then it was generally believed that the A1 mating type was distributed worldwide, whereas the A2 mating type was confined to Mexico because 105 isolates recovered during the same period of time from the United States, Canada, western Europe, South Africa, and the West Indies were all of the A1 mating type18,47). In 1984, Hohl and Iselin27) reported the isolation of both A1 and A2 mating types of P. infestans in Switzerland. Subsequently, the A2 mating type has also been found in many other countries including Egypt16,45), Brazil8), Israel22), the United Kingdom40,49), Germany46), Sweden30), the United States15), the Netherlands17), and Japan41). These events led to the suggestion by Fry et al.18 ) that the recent worldwide occurrences of A2 mating type were due to migration from Mexico in the late 1970 and 1980s.
The hypothesis of recent migration of A2 mating type of P. infestans from Mexico to Europe and other part of the world18) is not in accord with several facts and observations. After the two 1958 reports21,47), there were very few reports on mating types of P. infestans until 1984 when interest on this subject was revived. Therefore, before 1984 the distribution of mating types of P. infestans worldwide remains largely unknown. Moreover, the mating type distribution in most areas may have changed after the initial introduction of this pathogen because of changes in environmental conditions such as cultural practices. For example, in 1964 Galindo and Zentmyer20) reported that the two isolates of Phytophthora cinnamomi isolated from macadamia cankers on the island of Hawaii, one by the junior author and another by R.B. Hine were of the 1 mating type. Since then, we were not able to find A1 mating type of P. cinnamomi on the same island. All of the 47 isolates of P. cinnamomi isolated from various plant species were of the A2 mating type33). Additionally over 200 isolates obtained from various locations including the macadamia farm where G. Zentmyer obtained his A1 mating type isolate were all of the A2 mating type (Ko, unpublished data) . The sample size of 105 isolates of P. infestans reported by Smoot et al.47 ) also is not large enough to be certain of the mating type distribution even in one country, not to mention the world. To determine the mating type distribution of Phytophthora colocasiae on the island of Hawaii with an area of 10,673km2, the mating type of 101 isolates of this species collected from various locations were tested34). The mating type of 799 isolates of P. colocasiae isolated from different counties in Taiwan with an area of 35,975km2 were determined to ascertain whether both A1 and A2 mating types were present there2). For the same purpose, 280 isolates of P. colocasiae obtained from 18 counties on Hainan Island of China with an area of 34,965km2 were tested51).
The migration hypothesis also is not compatible with the isolation of both A1 and A2 mating types of P. infestans in Japan in 193728, 29, 31, 36) , and the recent observation of oospores of P. infestans in herbarium specimen of potato leaves collected in the United States during the early 1900s44), which suggests the presence of both A1 and A2 mating types in this counnnnntry during that period of time36). Oospores of P. infestans in potato leaves can result from the infection of the same leaves by both A1 and A2 mating type isolates14), or by a self-fertile isolate which is capable of producing both A1 and A2 mating type zoospores19,42). It has been shown that single-sporangium progeny and single-zoospore progeny produced by self-fertile isolates consisted of both A1 and A2 types in addition to the self-fertile typel9, 42) .
If the presence of A2 mating type of P. infestans in a country is due to recent migration, we would expect the A2 mating type isolates from that country to have the same genotype because the pathogen over-winters as mycelium in potato tubers and is dispersed by sporangia1). All of the A2 mating type isolates of P. infestans recovered from Japan and Korea showed identical DNA fingerprint39), indicating that the A2 mating type did recently move from one country to the other. However, the six A2 mating type isolates of P. infestans recovered from British Columbia, Canada in 1992 contained four different DNA fingerprints24), indicating that the A2 mating type may have been there for a very long period of time. The electrophoretic band patterns of the four different DNA fingerprint types did not support the possibility that the multiple fingerprint types were the result of sexual reproduction between US-6 and BC-1 as suggested by the authors24). Glucose-6-phosphate isomerase (Gpi) and peptidase (Pep) bands are each controlled by a pair of homozygous co-dominant gene12). If sexual reproduction occurred between US-6 and BC-1, three quarters of the offspring should contain 111 bands of Gpi or 92 bands of Pep, or both. None of these bands appears in BC-2, BC-3 or BC-424). There were also seven different fingerprints among eight A2 mating type isolates of P. infestans recovered from the District of Rzeszou in Poland, and five among seven recovered from the District of Warszawa in that country from 1989 to 199148). The great diversity in DNA fingerprint patterns strongly suggest that A2 mating type of P. infestans may have been in Canada and Poland for a long time, conceivably since the beginning of the 20th century, as suggested for many countries throughout the world36).
In an area where the A1 mating type of P. infestans 
RESULTS
In 1986, 10 isolates of P. infestans recovered from diseased potato leaves collected from the Volcano district on the island of Hawaii were A1 mating type (Table 1) . In 1987, another 34 isolates recovered from the same area were also of the A1 mating type. All of the isolates recovered during this period were sensitive to metalaxyl (data not shown). However, in 1994, the 12 isolates recovered from diseased tomato leaves and one from diseased potato leaf were of the A2 mating type (Table 1) . Another 10 isolates recovered from tomato in 1995 were also of the A2 mating type. Contrary to those isolates recovered during 1986-1987, all isolates recovered from 1994-1995 were resistant to metalaxyl ( Table  2 ). Growth of these recent isolates on metalaxyl medium 
DISCUSSION
Results from this study show that the distribution of mating types among the population of P. infestans at the Volcano district changed from all Al mating type to all A2 mating type within 7 years. These results suggest that the mating type distribution of P. infestans should not be generalized based on single year data because it may change with time at each location. The mating types of this pathogen should be investigated at different time intervals in each area to understand the temporal distribution pattern. Late blight of potato was found at Glenwood near the Volcano district in 19177). The number of times that the pattern of mating type distribution of P. infestans may have changed at the Volcano district before 1986 remains unknown.
The basis for the appearance of A2 mating type of P. infestans and the disappearance of A1 mating type in 1994 at Volcano district is not clear. The A2 mating type could result from the mating type change among the original A1 mating type population by exposure to fungicides such as metalaxyl10), or from new introduction from a certain place outside the island of Hawaii. The mechanism by which the A2 mating type displaced the A1 mating type population also remains to be investigated.
The tomato isolates of P. infestans recovered from the one acre area at the Volcano district most probably originated from a single parent with variable cultural characteristics as the zoospore progeny of the tested isolate displayed great variation in growth rate and ability to produce sporangia. Caten and Jinks9) also obtained field isolates of P. infestans showing cultural variation among single-zoospore cultures, and suggested that the variation is caused by cytoplasmic differences present in the original culture. Exposure of Phytophthora cinnamomi to chloroneb53) and Phytophthora parasitica to metalaxyl11) has been reported to induce variation in growth rate and/or colony morphology. P. cinnamomi also displayed variation in successive asexual generations following sexual reproduction52). All of the isolates of P. infestans recovered in 1994 and 1995 from the Volcano district were resistant to metalaxyl. It is, therefore, considered possible that their variation may result from exposure to metalaxyl.
After the submission of this paper, an article appeared in which Kato et al.32) virtually denied the early discovery of A1 and A2 mating types of P. infestans in Japan by Honi and Yoshida29) without sound basis. They criticized Honi and Yoshida for taking 30 days to observe oospores, and said that Clinton, and Pethybride and Murphy also observed oospores of P. infestans in old cultures in 1910s. Such comparison is inaccurate because Honi and Yoshida showed that only paired cultures produced oospores in oogonia with amphigynous antheridia, while the latter did not include paired cultures in their studies. The authors also questioned Honi and Yoshida's data by pointing out that they were able to obtain sex organs by pairing A1 and A2 on V-8 agar for three days, while the latter failed to do so after incubation for a long time. Such criticism is baseless because the formula of V-8 juice can be changed by the manufacturer without the knowledge of the user25). They implied that Japan had only A1 mating type of P. infestans before 1984 because all four isolates collected before 1984 were of the A1 mating type. Such reasoning is not logical as shown in this study. How can four isolates represent the whole population of P. infestans in Japan for so many years? Another report also appeared in which Trout and Ristaino50) showed that several fungicides can change the mating type of both A1 and A2 isolates of P. infestans, supporting our finding10) discussed in this study. 
